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Introduction:

Technical advances in the field of mammography are resulting in higher
detection rate of early breast cancers than in the past, of both solid masses and
microcalcifications. These technical advances include digital mammography, high
frequency ultrasound transducers and breast magnetic resonance imaging (MRI).
Mammography is still the only reliable method of evaluating microcalcifications in the
breast. Breast MRI, although has a sensitivity rate nearing 100% for invasive carcinoma,
the reported sensitivity for DCIS has been reported to be as low as 40% (1-3). Itis
estimated that DCIS represents 20-30% of breast carcinomas detected on screening
mammography (4) and has been steadily been rising in incidence since the 1970’s (5).
Our goal is to image breast microcalcifications utilizing sonography, a readily available
equipment in breast imaging centers, coupled with acoustic resonance. The concept of
acoustic resonance imaging (ARI) is based on the size of the microcalcifications and the
binding strength with the surrounding tissues in which it is imbedded. When subjected to
a wide frequency range, different sized particles will resonate at different frequencies
given the same binding environment. By “tuning” into the appropriate frequency range,

it would be possible to selectively visualize microcalcifications of varying sizes




Body:

At the writing of this report, we are currently 21.5 months into our project. Dr.
Weinstein coordinated the project with Dr. Seghal. Dr. Weinstein has been involved in
patient selection and in performing the imaging evaluation along with the research
coordinator. Dr. Seghal has organized the imaging protocol and is overseeing the
digitizing of the images and data analysis performed in the Ultrasound Research

Laboratory.

Task 1: See report from 7/1/00-6/30-02.

Task 2: Patient recruitment period completed

Task 3: Ongoing patient recruitment. Continuation of Task 2.

Since the writing of out last report, we have been involved in patient accrual for
the study. To this date, we have accrued thirty- two patients. In thirty-one of those
patients, data was obtained for the study. Due to technical factors, data could not be
obtained from one of the patients. We have made significant progress in patient
recruitment since the writing of our last annual report. Although we are slightly behind

schedule, we are optimistic that we will continue to accrue at the current pace.




The patients present to the Breast Imaging Section of the Hospital of the
University of Pennsylvania on the day of their biopsy procedure. The patients recruited
for the study have breast microcalcifications that are considered suspicious. The patients
may undergo excisional biopsy in the operating suite by a surgeon. Alternatively, they
may undergo percutaneous core needle biopsy in the Breast Imaging Section in order to
obtain a tissue diagnosis. Prior to either of these conventional biopsy procedures the
patients are recruited for the study.

The age of the patients have ranged from 40 to 83 years. The breakdown of the
age of the patient population is shown in Figure 1 by the decade. The demographics of
the patient population is shown in Figure 2. Thus far, out of the 31 patients, 20 patients
had benign calcifications on pathologic evaluation and 11 patients had calcifications that
were demonstrated to be malignant (Figure 3). Figure 4 shows the age of the patients
relative to the pathology results.

First gray scale imaging was performed at the site of the microcalcifications.
Next, the same area was scanned in Power Doppler mode in conjunction with acoustic
resonance. The acoustic resonance device emitted low frequency vibrations in 10 Hz
steps between 50-600 Hz. In the first nine patients, 100 Hz steps were utilized, and it was
decided that the steps too large and a decision was made to utilize smaller incremental
steps. The scanning was repeated using 3 different vibration amplitudes to determine
variation and the frequency of response of the calcifications to the variation in the
amplitude. All the images were stored on a videotape and used for quantitative analysis.

The mammogram from each patient was digitized at 300 DPI and stored in the

database for future review. The ultrasound examination was performed using state of the




art ATL 5000 ultrasound scanner. All imaging was performed with 12.5 MHz broadband
transducer. The instrument resets determined from the studies conducted in the first year
were used for all patients.

The acoustic resonance scans involving low frequency vibrations were tolerated
by all the patients. We have had no adverse reactions to date. ~Average total of scan
time was approximately 15 minutes. Imaging was completed successfully in 31/32
patients. In 1 case, the examination was not completed due to problems with the scanning
equipment.

We have completed quantitative analysis of images from all of the patients
enrolled in the study to date. This involved digitizing the images from the videotape.
The images of each patients were compiled in a single file and used for quantitative
measurement of mean mean color level (MCL), percent area of color (FA) and color
weighted fractional area (CWFA). The analysis was performed by selecting the entire
image as proposed in the application. However, the results show that structures other
than calcifications, such as connective tissue are also enhanced by the acoustic resonance
imaging. In view of these results we believe that the images may have to be re-analyzed
by choosing specific area of interest to decrease the background noise.

Of the 31 patients studied, 20 cases (64.5 %) were benign and the remaining 11
cases ( 35.5 % ) were malignant. Figure 5 shows an example of images obtained from a
patient with malignant calcifications. The mammogram in 5a shows a cluster of
calcifications. The biopsy proven malignant calcifications are circled. Figures 5b-d
show 3 representative ultrasound images at 50 Hz, 350 Hz and 480 Hz from a total of 165

images. In the gray scale image Figure 5b (50 Hz), calcifications cannot be seen with any




level of confidence. As the frequency of vibration increases, at 350 Hz, calcifications can
be seen in color superimposed on gray scale image. At 350 Hz (Figure 5¢), the power
Doppler pixels, representing calcifications, are in a distribution pattern that is very similar
to that seen on the mammogram Figure 5a. In addition to the calcifications,
enhancement of secondary structures associated with ducts and connective tissue are also
observed (arrow) in Figure 5c. At higher frequency, this effect becomes significant and
can mask the calcifications. This is shown in Figure 5 d imaged at 480 Hz. The inset
panel (Figure 5e) showing a graph represents change in image enhancement (CWFA) as a
function of vibration frequency (Hz). The error bars on the data point represent +/- image
deviation of the three measurements at three different scanning parameters. On all three
different scans, the graph demonstrates a clear resonance peak at 480 Hz.

Figure 6 shows the results from a patient with benign calcifications. Figure 6a
shows the mammographic image of the calcifications. There is a focal cluster of
calcifications that is circled. Figure 6b demonstrates the region of the calcifications in
gray scale. Again, the calcifications are difficult to discern. However, there is
enhancement seen at 280 Hz. The expected region of calcifications is circled. However,
there is significant enhancement of secondary structures present. Conclusions are similar
to those obtained from Figure 5.

The peak position (P) and the width of the peak at half height (W) were measured
for each patient. These values are summarized in Table 1. In all patients with malignant
calcifications, enhancement was seen in the power Doppler mode and a peak in CWFA
vs. frequency curve was observed in all the cases. The mean +/- standard deviation for

the peak position (P) was 363 +/- 132. The peak width (W) was 132 +/- 50 Hz. In




patients with benign calcifications, the image enhancement was observed in 18 (90%) of
20 cases studied. Two cases did not show any measurable enhancement. The mean +/-
standard deviation for the peak position and peak width were 381 +/- 111 Hz and 122 +/-
54 Hz respectively. There appears to be no significant difference in the peak width and

peak position between the benign and malignant calcifications.

Technical Issues:

In the last annual report review, a technical issue was raised. The size of the
particles used in the phantoms was questioned. The particle size used in the phantom
work ranged from 400-800u. While some malignant breast microcalcifications may be
smaller than this size, benign breast calcifications may vary greatly in size and certainly
fall within this size range.

Once we are able to recruit a pathologist for the study. The actual size of the

particles will be measured from the pathologic specimen.

Key Research Accomplishments:
e We have been able to visualize calcifications with power Doppler and acoustic
resonance in patient studies in 29/31 patients. No significant enhancement could be
seen in two patients who both had benign calcifications.

e The visualized calcifications demonstrated a resonance peak.




e There was no significant difference in the resonance peaks between the malignant

and benign calcifications

Reportable Outcomes:
Weinstein SP, Conant EF, Patton J, Seghal CM. Targeting and core biopsy of breast
microcalcifications under ultrasound using acoustic resonance. Radiological Society of

North America 1999. (see appendices)

Weinstein SP, Seghal C, Conant EF, Patton JA. Microcalcifications in Breast tissue
Phantoms Visualized with Acoustic Resonance Coupled with Power Doppler US: Initial

Observations. Radiology 2002;224:265-269. (see appendices)

Conclusions:

The results of this study to date show that while we were able to observe
calcifications using power Doppler and acoustic resonance in the majority of the cases
(29/31), there is no significant difference could be observed between the malignant and
the benign calcifications. At this stage of the study, we speculate, that the lack of
differentiation between the two types may be associated with the enhancement from the
secondary structure such as ducts and connective tissues of the breast that would be seen

with both benign and malignant calcifications.

10




At present analysis, we have analyzed the entire region present in the image field
of view. This includes the enhancement of secondary structures. To overcome this
limitation, the image data must be re-analyzed. We propose to review the images and
select out the regions that represents connective tissues. These areas and the image will
be discarded from the analysis to determine if the enhancement of calcifications did mask

in the differentiation between the malignant and benign calcifications.

11
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Table 1.

Benign Malignant
Patient #| Peak Position Peak Width Peak Position Peak Width
P (Hz) W (Hz) P (Hz) W (Hz)
1 477 120 460 158
2 184 69 500 100
3 250 27 400 100
4 526 150 285 99
5 428 217 100 100
6 560 75 191 56
7 400 245 277 120
8 154 63 450 120
9 280 120 425 203
10 318 116 400 200
11 383 119 500 200
12 342 122
13 464 116
14 467 178
15 460 142
16 363 153
17 395 85
18 411 82
19 No enhancement
20 No enhancement
Mean 381 122 363 132
St. dev. 111 54 132 50




Figure Legends:

Figure 1.
Figure 1 demonstrates the age distribution of the patients who participated in the study.

Figure 2.
Figure 2 shows the number of benign and malignant calcifications that have thus far been

imaged and evaluated.

Figure 3.
Figure 3 show the age distribution of the patients and the number of benign and
malignant calcifications in each of the age groups.

Figure 4.
Figure 4 shows the demographics of the patients who participated in the study.

Figure 5.

A. A mammographic image of the malignant calcifications is demonstrated. The
calcifications are circled.

B. A sonographic image of the region of the calcifications is shown. The
calcifications are difficult to see at 50 Hz.

C. At 350 Hz, there are power Doppler pixels demonstrated. The expected region of
the calcifications is circled.

D. At 480 Hz, there is increased enhancement of the secondary structures.

E. The graph shows the degree of enhancement as a function of frequency. There is
a clear resonance peak at 480 Hz.

Figure 6.

A. A mammographic image from a patient with biopsy proven benign calcifications
is shown. The calcifications are circled.

B-C. No significant enhancement is seen at 50 Hz. At 280 Hz, enhancement in the
region of the calcifications (circled) is seen but there is also enhancement of the
surrounding secondary structures in the breast.
D. The graph of degree enhancement vs. frequency again shows a resonance peak at
approximately at 480 Hz, similar to the value seen with malignant calcifications.

Table 1.

Table 1 shows the peak position (P) and the width of the peak at half height (W) for
malignant and benign calcifications. There appears to be no significant difference
between these two values for malignant and benign calcifications.

20
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ooy HMABES were concealed and the tilm panels were numbered and
el jabeied as A or B to identity the tissue harmonic and coaven-
. ormats. Three radivlogists interpreted the imayes blindly and
‘,ﬂdenti}' n two separate reading sessions. First, a side-bv-side
Larson Of image quality was performed. Lesion conspicuity, presence
‘er'\Jl echoes, extent of through transmission and wall detimnon were
Cs A definitely better than B. A probably better, oo difference, B
o Detter, and B definitely better. In a second blinded reading
o, 2Ich Mass was independently characterized as cystc or solid. All
lsluns were confirmed pathotogically and all cysts were conformed
;w‘\n‘ wptragnon and subsequent collapse ot the lesion.
opri Dhere were 37 solid lesions and 27 evsts. For all three readers,
(¢ ArMIOTHC UMAKIRG Was cated as better for each category of image
e agniicantly more otten than conventional sonography. For cvsts: 9
s cead as solid and 5 lesions read as indeterminate on conventional
apraphy were correctly classified as cysts on harmonic imaging. Oniy
T lusts were incorrectly classified as solid on harmonic imaging and
el classiried as cvsts on conventional imaging. -For solid lesions: 2
aiied a3 cysts and 3 classified as indeterminate on conventional
ography were correctly classified as solid on harmoni¢ imaging. Two
e r2ad as cysts and one lesion read as indeterminate on harmoruc
jory ware cortectly classified as solid vn conventonal imaging. No
won read as dedinitely a cyston harmonic imaging turmed out to te solid.
CLUSIONS: These preliminary resuits suggest that tssue harmonuc
agny umproves the quality and visualization of breast masses and may
avice more accurate characterization of breast Cysts.

77+ 2:39 PM

;npatpable Breast Lesions: Evaluation with Power Doppler US and a
iccooubble Contrast Agent

<. Moon, MD, Seoul, South Korea - J. Im. MO - D. Noh, MO « K.M. Yecn, MO -
. C. Aan. MD

RPOSE: _To evaluate the value of power Doppler (PD) LS and a
wcrcoubble US contrast agent in differentiaion of nonpalpable breast
<$00s. .

([ETHOD AND MATERIALS: _Fifty patients (age range, 32-65 years;
wdian age, 33 years) with nonpalpable breast lesions detected on
ammograms and visualized by gray-scale US with 10 MHz rransducer
sere prospectively evaluated with PDUS before and after injection of the
antrast agent SHU S08A at a concentration of 400 mg/ml. In 12 patients
wth multiple lesions, the most suspicious lesion was targeted. Surgical
~cision of 30 nonpalpable lesions atter needle localization revealed 3
atiltrating and 14 intraductal carcinomas and 28 benign diseases. Mean
icn size was 11 mm and 10 mm in each group. Lesion vascularity
wascular, hvpovascular, hypervasc.llar), distribution (central vs periph-
ral} and morphology (regular vs irregular) of vessels were analyzed by
1o radiologists subjectively and correlated with mammographic charac-
“eristics and histopathologic results.

IESULTS: At unenhanced PDUS, 8/22 (36%) cancers were vascular (5
avpovascular and 3 hypervascular) whereas 4/28 (14%) benign lesions
were vascular (3 hypovascular and 1 hypervascular). After injection of
contrast agent, 21/22 (95%) cancers were vascular (8 hypovascular and 13
aypervascular) whereas 6/28 (21%) benign lesions were vascular (4
hvpovascular and 2 hypervascular). 18/ 22 (82%) cancers and 3/28 (11%)
Sermgn lesions showed an increase in vascularity by the contrast agent. In
cancers, distribution of vessels was 3 peripheral, 1 central and 4 both at
unenhanced PDUS and + peripheral, 4 central and 13 both at contrast-
vnhanced PDUS. In benign lesions, it was 3 peripheral and 1 both at
unenhanced POUS and 4 peripheral, 1 central and 1 both at contrast-
enhanced PDUS. [rregular vessels were seen in 3/8 (38%) malignant and
1/4125",) benign lesions at unenhanced POUS and 11/21 (52%) malignant
nd 16 (33%) benign lesions at contrast-2nhanced PDUS. After injection of
‘ontrast agent, 6/8 infiltradng cancers were hvpervascular whereas 7/14
‘nteaductal cancers were hypervascular. Characteristics of benign lesions
with the vascularity were subareolar {4/6) in location, nodular density
without microcalcifications at mammography (3/6) and fibrocysac disease
or sapiiloma at pathologic examination {6/6).
CONCLUSIONS: _At PDUS of nonpalpable breast lesions, an increase in
vascularity by contrast agent was predominantly seen in malignant lesions.
Contrast-enhanced PDUS may be helpful for the differentiation of nonpal-
facle breast lesions.

178 . 2:48 PM

Hlgn Rate of Sonographic Detection of 0CIS Calciflcation in Mammographi-
Caliy-directed High Frequency Ultrasound Breast Exams

3.2 Masmimato, MO, Seartte, WA - L. Wiitala. 8A « V. Picozzi, MO« 0.J. Kramer,
‘;’O .S L3, MO - S.M. Boswell, MO

PLURPOSE: To assess the high frequency ultrasound characteristics of pure
ductal carcinoma tn situ (DCIS) of the breast.

METHOD AND MATERIALS: We retrospectively reviewed all cases of
Sreast OCIS sonograpiucally evaluated at our institution dunny the last 2

vears. Patients were excluded if pathologic (lumpectomy oF mastectomy)
specimens contained invasive carcinoma in addition to DCIS. We used
commerciatly available ultrasound equipment (Acuson, Mountain View.
CA) with a high frequency transducer (3-13MHz). Cases were anaivzed tor
(Lhistologic grade, (2)mammographic tindings, and (3ultrasound find-
inys.

RESULTS: 138 patients met the above critena. All patients presented with
mammographuc clustered pleomorphic calcifications. These calcincanons
were sonographucally identified in 17(94"). Sunograptucally, these calati-
cations were within focally dilated ducts 3/18(13%), in nurmal breast issue
5/ 13(33™) or within a mass 3/ 13(+"). These patients had the rollowing

DCIS histologic grades: 11(817%) hugh, HIZ%) intermediate, 2(11*) low. °

Calcifications with mass or dilated ducts represented 9/ 11(827) tugh grade
and only 2/5(33") intermediate or low grade neoplasms. Thus ditterence 1s
statsticallv significant (p<0.005). Sonographic analysis ot the 3 masses
demonstrated the following characteristics. viean mass size was {2 mm.
All masses had il detined margins. Shape was irregular in o, ovalin The
masses had the following =chogenicity: o hypeechoic. 2 heteroyrneous. Six
masses shadowed (2 had edge shadowing, 2 shadowed distal to mass, 2
had shadows obscuring the mass). Four masses were assoctated wieh
architectural distortion and spiculation.

CONCLUSIONS: High resolution ultrasound can detect a high cate (94")
of DCIS caicifications and is frequently (63%) assoctated with other
sonographic abriormalities (dilated ducts or mass). Furthermore, high
grade DCIS was much more likely to display these additionai aenormaki-
fles than nonhigh grade DCIS (p<0.005). Further investigation 15 needed 0
explore whether these sonographic findings may add to mammographic
prediction of breast malignancy or provide information to direct sono-
graphic biopsy guidance for patients who cannot tolerate mammographic
biopsy positiorung. (BEH, DJK, and SMB test equipment for Acuson Corp.
Mountain View, CA)

1179 - 2:57 PM

The Specificity of Combined Mammographic and Ultrasonographic Evalua-
tion of Paipable Lumps and Palpable Thickening

0.8. Kopans. MD, 8oston, MA » A.H. Mcors, AB « PJ. Sianetz, MD. MPH - 0.
Yeh, MO+ D.A. Hail. MD + K.A. McCarthy, MD

PLRPOSE: To determine the likelihood of breast cancer when both the
mammogram and ultrasound show normal appearing breast tissue in
women referred with a clinically palpable lump or thickening.

METHOD AND MATERIALS: The computerized records of the Breast
Imaging Division of the Massachusetts General Hopsital were reviewed ‘o
determine the aumber of women evaluated between 1/1/95 and 12/31/
98; the number of these who were referred for evaluaton of a palpable
lump or thickening; the numeer of these who had 2 normal mamgmogram
and ultrasound, the number of these who had a breast biopsy and the
number of these who proved to have cancer.

RESULTS: 37,301 women were avaluated. 3323 had been referred for a
palpable lump or thickening. 430 had normal appearing mammograms
and ultrasound studies. 67 of these had breast biopsies. 1 cancer was
diagnosed.

CONCLUSIONS: 1f the mammogram and ultrasound show completely
normal breast tissue, the likelihood of a palpable finding being malignant
is extremely low.

1180 - 3:06 PM

Targeting and Core Biopsy of Breast Microcalcifications under Ultrasound '

Using Acoustic Resonance

§.P. Weinstein, MO, Philadeipnia, PA« E.F. Conant. MO~ J. Patton, 83, MS« C.M.
Sehgal, PhD

PURPOSE: We have developed a novel method by which calcium particles
can be brought to acoustic resonance and visualized with the aid of power
Dopoler ultrasound. The goal of this study is to demonstrate that breast
microcalcifications detected with thus method can be core biopsied under
its guidance in geladn phantom and tissue models.

METHOD AND MATERIALS: Our previous studies have demonstrated
that breast microcalcifications may be detected by acoustic resonance
imaging. Gelatin phantoms were made with calcium carbonate particles
(+400-800m). The particles were evaluated with power Doppler imaging
while resonating the partcles at 50-300 Hz. At maximum color visibility
the particles were targeted and biopsied using a 143 core needle. The
phantom and core samples were x-rayed to demonstrate *that the area of
tolor detection represented the calcium particles. The unages were video-
raped and analvzed guantitanvely for mean color level (MCL), " area of
color (FA) and color weighted fractional area (WEA). The experuments were
repeated using turkey phantom models with embedded calcium particles.
RESULTS: The plotof MCL, FA, WEA vs. frequency peaked and fell ina bell
shaped curve reaching maximum at =200-300 Hz. At this frequency,
opamal visualization of the particles was vbserved and 2nabled locaiiza-
ton and biopsy of the micsocalcifications under ultrasound guidance.

Aepsaupam




CONCLUISTONS: Data usang piangoms Jemonstrated that imicrocalatica-
tons mav be tarceted under ulteasonnd with power Dopoler and acoustic
resonance allowing tor dyname ultrasotind guided core bopsy.

1181 - 3:15 PM

Echogenic Breast Carcinomas

L.A. Hardesty. MD. Pittsburgh. P4+ K.M Harns. MO

PLIRPOSE. Prioe studies. including Stavees etal’s landmark articte (Radiot-
ogy 19951, have suggested thatantense and uniform hvperechogemcity
Allow 3 breast mass to be classiticd as benign and avord bopsy. Contrary to
this, we desertbe the feattires of 4 series of echogenic breast carcinomas.
METHQOD AND MATERLALS: Between 129 - 10,9, one of the authors
(KHY collected 1 sertes of ten cchogenic breast cancers from her daly
practice, The foilowing features or these were retrospectvely reviewed:
marzgn (il or well-derined), paieabidits. shace oval. round, irregular.
lobuinted), echoteniure thomogeneous, hererogenenus), sound transmis-
gon feaiance, shadow, netthert. and whether the fesion was “tallec-than-
wide” (AP dimension greater than transverse or <agtttal dimension) or
“wider-than-tall”. Al lestons undervent suepeal exasion and were sroven
ro be carcinomas.

RESULTS: There were nine cases of infiltrating ductal carcinema and one
case ot ductal carcinoma in it All leswons hadil-detined margins. 3. 1)
lesions were palpable, 8710 had an irregular shape. and 9010 were
homougeneously hvperechore, $ 10 lesions cused sostenior acoustc shad-
owing while n/ 1) lesions had aerther posterior acoustic shadowing nor
enhancement. 1/ 10 lesions was tailer-than-wide” wiiile 3/10 lesions were
“wider-than-tall” and 4, 10 lesions were of approvimatety equal heightand
width.

CONCLUSIONS: Although the great majority of uniformiv hyperechoic
breast masses are beniygn, breast imagess must remawn aware chat there are
excertions, and that hyperechoic breast cancers, though rare, exist. Fea-
tures associated with hyperechuic cancers were ill-defined margins, irregu-
lar shape and being palpable.
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Image Fusion: A New Approach tor Using MR Imaging in Brachytherapy
R.C. Krempien, MD. Heidelberg, Germany « 'N. Harms, MD « H.A. Gratowski,
PhD - FW. Hensley, PhD« M. Treicer. MO+ M. Wannenmacner. MD. DOS
PURPOSE: _Accurate definition of tumor volume is essential for brachy-
therapy treatment planing. CT accurately localize sources, but often poorly
delineates tumor. MRI has several imaging benefits such as improved sott
tissue definition and unrestricted multiplanar imaging but does rot
visualize the source dwell positions. The aim of this study was to access the
possibilities of a new deveioped svstem generating synthetic image
medalities from matched and tused CT and MRI-dat in brachytherapy
planing.

METHOD AND MATERIALS: _The system presented consists of five
modules serving for viewing, matching, segmentation, fusion and valida-
tion. The automatic registration takes about one minute for two data sets of
about o) slices. Depending on slice thickness the registration algorithm is
able to register MRI and CT data in over 95% of the cases without any
interaction with an average accuracy of the calculated transtormation
betlow lmm. The segmentation module consists of two modvs, the volume
mode for three dimensional region growing to segment connected struc-
tures and the slice mode for interacave slice by slice segmentation ot the
superimposed previously registered images. Tumor structures or source
dwell positions can be segmented in any plane in one imaging modality
and then copred into the other. Reconstruction ot the rused imagess in
different planes offer the possibility to validate the matching accuracy.
RESULTS _A patient with liposarcoma in the thigh showed a positive
tumor marain to the ischiadic nerve. [ntraoperanviey the decision was
made 0 implant brachvtherapy guides f0r postogeratve boust-cadianon
ot the tumor-bed rather than resecting the nerve 1o preserve the function of
the leg. CT accurately localizes source positions but the nerve as the
primary target scructure was hardly detectable. The VMRIE visualized the
nerve but the source positions could not de detected. The ischiadic nerv2
was segmented in MR! and the grav values or the seumented structure
were copted in the CT image. The source positions are segmented via seed
poats i the CT. The Posinon of the nerve can aow be visualized in
comparison to the source dwell posidons. The synthenc images are added

~—
mto the rachvthierapy planing system The UT-ouised brachy thy,
] ) > Lgt
plamng wvould have resulted i o miscalculacon o the taeget volume "‘"h .
ile

the svnthetic images lead to g optimization in therapy plaming.
CONCLUSIQNS. These preliminary data show that image regisergy
and fusion is reasible ror brachvtherapy plamng. n the shown case theho
ot svathetic images i brachvtherapy plaming lead tw o optimized
ment planinyg. at.
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Invited Presentation from ASTROQ: Morbidity and Long-term Resyity of
Adjuvant Brachytherapy in Soft Tissue Sarcoma: A Prospective Ra"dom.
ized Trial

K. Alextiar. MD, New York, N7

PLURPOSE. W have previously shown that adjuvant brachvtheenpy (Brp
improves jucal control in sort tissue sarcoma ST or the extremity dncj
superticiai trunk (JCO 13359363, 19Gn), The morbidity of \'uéh an
approach howaver, has aot been examined. The purpese of this study wy,
to evaluate the toxicity associated with adjuvant 3RT and to entenyd our
observations through eight vears of median follow-up.

MATERLALS AND METHQODS: Berween 7. 82 and 0. 92, Lo adult patieny
with ST3 of the extremity or superfical trunk were sandomized intraoper,.
tively to receive or not to receive BRT after compiete resection. BRT wy,
delivered wwith [r-192 to g total dose of 4245 Gv. The BRT and no 8ry
groups were balanced with regard to-age, <ex. presentation (primary vy
recurrent), site, grade, size, and depth. Morbidity was assessed ia terms of
significant wound complication, bore rracture, and ceripheral nerve
damage igrade z3). Significant wound complicanon was defined gy
wound inrection or complication requiring further operative intervention,
The median foilow-up was 3 vears.

RESULTS. The signiricant wound comelication rate was 24" in the 8RT
group and 13" in the no BRT group, p = 0.13 The rate of wound re
operation, however, was significantly higher in the BRT arm (9" vs. 1%,
p = 0.03). Examinanon of other co-variabies that may have contributed to
wound re-operation, revealed the width of the excised skin (WES) to bea
significant factor {17 (WES = 4 cm). vs. 10% (WES 4 cm), p = 0.02]. The
rates of bore fracture and nerve damage wvere higher in the BRT arm but
the differences did not reach statistical significance [3% vs. 0% (p = 0.18)
and 9% vs. 3% (p = 0.3), cespectivelv]. At3 years, the actuarial local control
rate was 31% in the BRT arm vs. 4% in the no BRT arm (p = 0.03). The
local control for high grade tumors was 39% in the BRT group compared to
52" in the no BRT group (p = 0.001). BRT had no impact on local controlin
patients with low grade tumors (p = 0.4) and no impac:on overall survival
ip = .18) or disease-free survival {p = 0.3).

CONCLUSION: Based on this update, adjuvant brachytherapy continues
to show improvement in local control for high grade STS of the extremity
and superdcial trunk, but no improvement in overail or disease- free
survival. The overall morbidity associated with adjuvant BRT was not
significantlv higher than that with surgery alone. However, BRT and WES
4 am, were associated with significantly higher wound re-vperation rate.
This has significant implications for strategies designed to maximize
wound coverage in patients who receive 8RT. Y
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MRI May Be Used to Evaluate the EHfects of Tumor Oxygenating Agents on
Radiosensitivity

H.A. Al-Hallag, AB. Chicago. IL + M.A. Zamora, 8S+ 8.L. Fisn, 85+ J.E. Mouldar,
PhO« G.S. Karczmar. PhO

PLRPOSE: Previous work suggested that MRI could provide noninvasive.
high resolution measurements of the effects of tumor oxygenating treat:
ments (TOX's) on tumor blood and tssue oxvgen levels. Here we evaluaté
whether MRI can be used to rank TOX's according to their effectiveness it
increasing tumor cesponse to radiation.

METHOD AND MATERIALS: Studies of BA1112 chabdomyosarcomas it
WAG, dj rats have shown that intusion of a perfluorocarbon emulsion
(PEC) combired with carbogen (95" O+/3%, COs) breathing 5igniiicnntly
increased radiosensitivity relative to either ‘Teatment alone. We invest-
gated whether MRI correctly predicts the relative efficacy of treatment wi!'h
carbogen or PEC alone compared to treatment with PFC - carbogen in this
rumor model. We used MR signal linewidth, Le., blood-oxygen-le"*"
dependent (B0LD) contrast, as an index of change in tissue o8t
tension. Decreases in linewid:h indicate increases in tumor oxygenation- 19
assess the spat‘ial distribution of response, maps of pixels that’responded o
treatment were generated ror zach tumor. '

RESULTS: Average MR signal linewidth decreased bv 2.7% during carbo
ger breathing, bv 2.3% durng PEC - air. and by 5.3% during PFC *
carbogen (n=7). The chanye caused by PFC - carbogen was signiﬁc-'md«v
greater than the change caused by either eament alone {p < 0.0 o
paired t-test) demonstrating that the comomned Teatment increases qumof
oxvgenation more than PEC ur carbogen alone. Percentages of respond
pixels in each category were averaged aver all 7 wmors. 23, of twm
pixels responded to treacment with carbugen while 32% of pixels e
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Microcalcifications in Breast
Tissue Phantoms Visualized
with Acoustic Resonance
Coupled with Power Doppler
US: Initial Observations®

Calcium carbonate particles embed-
ded in gelatin and turkey breast tis-
sues were visualized with acoustic res-
onance imaging and power Doppler
ultrasonography. Sonography re-
vealed that the region of color level
detection corresponded to the loca-
tion of the calcium carbonate parti-
cles. Correlation between color level
detection and the location of the par-
ticles was confirmed on radiographs
of the specimens obtained at core
needle biopsy performed through
the region of color level detection.
© RSNA, 2002

It is estimated that ductal carcinoma in
situ represents 20%-30% of breast carci-
nomas detected at screening mammogra-
phy (1). Since the 1970s, the detection
rate of ductal carcinoma in situ has
steadily increased with the wider use of
screening mammography. The detection
rate for women younger than 50 years
was 2.3 cases per 100,000 women in the
1970s and increased to 6.2 cases per
100,000 women by the 1990s (2). More
dramatically, in the group of women
older than 50 years, the rate has in-
creased from 14.3 to 54.6 per 100,000 (2)
in the same period.

Frequently, ductal carcinoma in situ
manifests only as calcifications without
an associated mass (3). Because ductal
carcinoma in situ represents as much as
half of mammographically depicted can-
cers (3), it would be efficacious to image
microcalcifications with as many modal-
ities as possible to allow flexibility in im-
aging-guided biopsy. Currently, even
with all the technical advances in breast

imaging, including magnetic resonance
imaging, scintigraphy, and ultrasonogra-
phy (US), mammography is the only re-
liable method to help detect, character-
ize, and localize microcalcifications for
biopsy.

We have developed a technique in
which acoustic resonance is used to visu-
alize microcalcifications. Acoustic reso-
nance is used on the basis of the size of
the microcalcifications and the binding
strength with the surrounding tissues in
which they are embedded. When sub-
jected to a wide frequency range, particles
of different sizes will resonate at different
frequencies given the same binding envi-
ronment. “Tuning” to the appropriate fre-
quency range would make it possible to
selectively visualize microcalcifications
of varying sizes. The purpose of our study
was to evaluate US coupled with acoustic
resonance to demonstrate small calcified
particles for targeting and biopsy.

I Materials and Methods
Phantoms

Gelatin phantoms were constructed by
using a mixture of water, gelatin, and glyc-
erol with uniformly dispersed oil-lecithin
emulsion (particle diameter, 0.2-2.0 wm).
The suspension was placed in a mold and
refrigerated until a solid state was reached.
Calcium carbonate particles 400-800 pm
in diameter were suspended in the gela-
tin phantom in an area 1.0-1.5 cm in
diameter. The phantom was kept refrig-
erated until use, at which time it was
removed from the mold. Ten phantoms
were made.

Twelve tissue phantoms were made
from boneless turkey breast. The turkey
breast was dissected along the tissue planes,
and 400-800-pm-diameter calcium car-
bonate particles mixed in acoustic cou-
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pling gel were embedded carefully to
avoid air trapping. The region of the cal-
cium carbonate particles ranged from 1.5
to 2.0 cm in diameter

Imaging: US Coupled with Acoustic
Resonance

Imaging was performed (S.P.W. or C.S.,
with the assistance of J.A.P.) by using
gray-scale and power Doppler US coupled
with acoustic resonance (Logic 700; GE
Medical Systems, Milwaukee, Wis). A
variable 10-13-MHz transducer was used.
All the gelatin and tissue phantoms were
scanned. The phantoms were imaged
with B-mode US and power Doppler US,
while the particles were resonated from
50 to 500 Hz. The frequency that corre-
sponded to the maximum color level de-
tection was noted.

The frequency used to excite the parti-
cles into resonance was emitted from a
thin (5-mm) lightweight (13-g) piezoelec-
tric speaker element with the capability
to transmit low-frequency vibrations
from 50 Hz to 2 kHz. The device was
housed in a fiberglass case. The piezoelec-
tric vibrator was designed for 8  of im-
pedance to be driven by an audio ampli-
fier. The vibrator was specially designed
by the biomedical medical instrumenta-
tion group at our university; they special-
ize in building custom instruments, and
this vibrator was approved for human use
by the university institutional review
board. The disk was coupled with US gel
(E-Z-Gel; E-Z-Em, Westbury, NY) and placed
adjacent to the tissue to be scanned. The
images were videotaped for analysis.

Image Analysis

The videotaped images were subsequently
analyzed. Imaging time for each scan was
approximately 2 minutes. At the video
frame rate of 30 images per second, ap-
proximately 120 X 30, or 3,600, images
were generated. An algorithm was devel-
oped to reduce the data by sorting the
images on the basis of the frequency of
the vibration. These images were subse-
quently used in a computer program de-
veloped in our laboratory to analyze the
vibrational response of the microcalcifi-
cations.

Color was analyzed for each image:
Mean color level, percentage of fractional
area of color, and color-weighted frac-
tional area were computed. To determine
the mean color level, the color palate on
the image was read by the computer and
divided equally on a scale of 0-100. With
this scaling system, the computer con-
structed a lookup table for hue, satura-
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Figure 1.

d.

Color Doppler US images of gelatin phantoms evaluated with acoustic resonance and

power Doppler US. Color is represented in gray scale. (a) Echogenic calcium carbonate particles
are clearly visible in the gelatin phantom. (b) As the frequency is gradually increased to 100 Hz,
the color pixels are seen as gray areas (arrows) in the region of the calcium carbonate particles.
The pixels in this region were seen in color on the original images. (c) At 210 Hz, the entire region
of the calcium carbonate particles is filled in with color pixels. (d) At 400 Hz, only a few color

pixels (arrows) are seen.

tion, and brightness values for the colors
in the palette bar. Next, the computer
identified colored pixels on the image
and used the lookup table to assign a
color value to each pixel in the region of
interest. The color level of the pixels in
the region of interest was summed and
divided by the number of color pixels to
calculate the mean color level. The per-
centage of fractional area of color was
defined as the area covered by colored
pixels divided by the area of the region of
interest, multiplied by 100%. Color-
weighted fractional area was defined as
the mean color level multiplied by the
percentage of fractional area of color, all
divided by 100, and indicated the pres-
ence of net motion in the region of in-
terest. Each parameter was plotted with
respect to the frequency range.

Biopsy
All the gelatin and tissue phantoms
were scanned from 50 to S00 Hz. The

location where the maximum color level
was detected and the corresponding fre-
quency were noted. To demonstrate that
the area of color level detection in the
phantoms corresponded to the calcium
carbonate particles, biopsy was per-
formed through the region of color de-
tection level. A 14-gauge disposable core
biopsy needle (Monopty Biopsy Instru-
ment; Bard, Covington, Ga) was used to
perform biopsy in the region of interest
during in real-time scanning by using
power Doppler US coupled with acoustic
resonance imaging. Approximately seven
to 10 samples were obtained for each
phantom. The core biopsy samples were
placed in a core needle biopsy specimen
container (Beekley, Bristol, Conn). Radi-
ography of the specimens (alpha RT; In-
strumentarium, Milwaukee, Wis) was
performed at 22 kVp and 6 mAs, with
magnification of 1.8, to confirm that the
biopsy target, the region of depiction at

Weinstein et al
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power Doppler US, corresponded to the
calcium carbonate particles.

1 Results
Gelatin Phantom

The calcium carbonate particles were
readily visible as white particles in all the
gelatin phantoms at B-mode US. Figure
1a shows one of the phantoms. The cal-
cium carbonate particles were readily vis-
ible in all 10 specimens. With power
Doppler US evaluation, a gradual in-
crease in color level detection was seen in
the region of the calcium carbonate par-
ticles (Fig 1b). The maximum detection
level was reached and then plateaued at
frequencies of 200-380 Hz (Fig 1c¢). This
plateau was followed by a gradual de-
crease in the color level detection (Fig
1d). This trend in color level detection
was seen in all the gelatin phantoms eval-
uated. As seen in Figure 1, there was a
minimal color level detected outside the
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region of the calcium carbonate particles.
Graphs of mean color level, percentage
of fractional area of color, and color-
weighted fractional area versus frequency
demonstrate the results seen on the static
images in Figure 1, that is, a gradual in-
crease in depiction level, followed by a
decrease (Fig 2).

Turkey Phantom

The turkey phantom was also imaged
with B-mode US and power Doppler US.
In all 12 turkey phantoms, unlike in the
gelatin phantoms, the calcium carbonate
particles were not as readily visible at B-
mode US before use of acoustic resonance
imaging coupled with power Doppler US
(Fig 3a). When the turkey phantom was
imaged with power Doppler US coupled
with acoustic resonance imaging, a grad-
ual increase in color level detection was
seen, a peak was reached, and a decrease
followed (Fig 3b-3d). Similar findings in
power Doppler detection were seen in all
the turkey phantoms evaluated.

200 400 600
Frequency (Hz)

Figure 2. Graphs plot (a) color-weighted fractional area (CWFA),
(b) percentage of fractional area, and (c) mean color level versus fre-
quency in the gelatin phantom. Detection levels at power Doppler US
increase, then plateau, and then rapidly decrease relative to frequency.

Biopsy Results

The radiograph of a specimen is shown
in Figure 4. All radiographs of the speci-
mens depicted the calcium carbonate
particles in the specimens.

1 Discussion

The concept of acoustic resonance im-
aging is relatively new. There is a large
body of literature that reports various
modes of US imaging to characterize mo-
tion and elasticity of soft tissues induced
by external vibrations or due to natural
motion (4-8). None of these authors deal
with the issue of detection of microcalci-
fications, nor do they use the concept of
acoustic resonance as a means to identify
the properties of inhomogeneities in the
tissue. Our goal was to be able to visualize
the resonance motion of inhomogene-
ities relative to that of the surrounding
tissue.

The 400-800-pm calcium carbonate
particles were excited into resonance
when exposed to low-frequency vibra-
tions from 50 to 500 Hz. The vibrations
were of low amplitude, with no known
harmful side effects. When the particles
were in resonance and combined with
power Doppler US, the calcium carbon-
ate particles were expected to demon-
strate a color level relative to the degree
of resonance. At maximal resonance,
there would be maximal color level de-
tection. The frequency at which maximal
resonance is demonstrated depends on
the size of the microcalcifications and the
binding properties between the tissue
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Figure 3. (a) US scan depicts a turkey breast
phantom. Calcium carbonate particles are not
as obvious as they are in the gelatin phantom.
Color is represented in gray scale. (b-d) Power
Doppler US scans coupled with acoustic reso-
nance depict some color pixels in the region of
the calcium carbonate particles (arrows) at 155
Hz (b); the number of color pixels continues to
increase at 270 Hz (c); followed by a decrease at
355 Hz (d).

and the microcalcifications, which is
demonstrated with the phantom models
as shown in Figures 1 and 3. Graphs of
the mean color level, percentage of frac-
tional area of color, and color-weighted
fractional area versus frequency demon-
strate an increase in power Doppler US
depiction level, followed by a plateau,
then a decrease. The plateau, seen in the
curves, may represent the particles of dif-
ferent sizes reaching resonance over a dif-
ferent range of frequencies.

In the simple gelatin phantom, the mi-
crocalcifications were visible without
power Doppler US, which allowed direct
correlation between the location of the
particles and the area of color-level depic-
tion. Unlike the homogeneous back-
ground of the gelatin phantom, the tur-
key phantom more closely approximates
human breast tissue, with muscle stria-
tions and specular interfaces similar to
the appearance of Cooper ligaments and
other specular reflectors in human glan-
dular tissue. Therefore, the location of
the calcium carbonate particles is not ob-
vious until power Doppler US coupled
with acoustic resonance imaging is used.
Core biopsy was performed in the area
where color level was detected in both
types of phantoms, and radiography of
the specimens was performed. Findings
on the radiographs of the specimens con-
firmed that the region of color level de-
tection corresponded to the calcium car-
bonate particles.

There are multiple potential applica-
tions for this method. Once the microcal-
cifications are detected at US, biopsy
could be performed with this dynamic
imaging guidance. Results of various
studies have demonstrated the cost-effec-
tiveness of core needle biopsy compared
with excisional biopsy (9-12) or US-
guided core needle biopsy versus stereo-
tactic core needle biopsy (13). With the
ability to perform biopsy with vacuum
assistance and US guidance, this method
would allow performance of biopsy in
calcifications by using US and possibly
dynamic visualization of the extraction
of calcifications, which would allow con-
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Figure 4. Radiograph
of a specimen depicts
calcium carbonate parti-
cles (arrows) in the core
biopsy samples.

Weinstein et al



firmation of targeting and, conceivably, a
procedure time shorter than that for ste-
reotactic core needle biopsy. Currently,
sonographically guided biopsy is not al-
ways feasible because calcifications can-
not always be definitively visualized with
US alone.

We have shown that power Doppler
US coupled with acoustic resonance im-
aging has the ability to demonstrate mi-
crocalcifications in phantom models. Fu-
ture studies are needed to develop this
technique for use in patients. US evalua-
tion may be performed in women prior
to conventional stereotactic or excisional
biopsy. Correlation between particle size,
peak resonance, binding properties, and
pathologic results may provide beneficial
information. Analysis of acoustic reso-
nance properties may help determine the
strength of adhesion between the cal-
cium deposits and the surrounding tis-
sues. Such forces are likely to be related to
the molecular characteristics of the de-
posits and the mechanisms that cause
calcifications to develop at specific sites
in the tissues. Measurement of adhesive

forces with acoustic resonance, in con-
junction with morphologic parameters
detected at mammography, may help
characterize calcifications.
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